This paper examines the role of interdisciplinary research for the development of knowledge pertaining to local issues. Using Colombian publications from 1991 until 2011 in the Web of Science, we investigate the relationship between the degree of interdisciplinarity and the local focus of the articles. We find that a higher degree of interdisciplinarity in a publication is associated with a greater emphasis on local issues. In particular, our results support the view that research that combines cognitively disparate disciplines, what we refer to as Distal Interdisciplinarity, is associated with more local relevance of research. In contrast we find that research that involves a clear disciplinary focus with some, but limited engagement with neighbouring disciplines, generates less local knowledge. We conclude by arguing that public research initiatives that aim to appropriate the socio-economic benefits from publicly funded research should not focus exclusively on research excellence, which tends to be treated in disciplinary terms and citation counts as reflected in national research assessment exercises. Implications for policy are offered with attention to policies for capturing the societal benefits of publicly funded research, and implicitly, research assessment exercises.
Introduction
It is widely assumed that research addressing social and economic challenges is best conducted through interdisciplinary approaches (Rhoten and Parker, 2006) . The recognition of the benefits of interdisciplinary research (IDR) 1 has stimulated a steadily growing interest in developing new knowledge through research that integrates the skills and perspectives of multiple disciplines. The heightened growth of such research [m] ay be in part a parallel of the wider societal interest in holistic perspectives that do not reduce human experience to a single dimension of descriptors, and to awareness that a number of extremely important and productive fields of study are themselves interdisciplinary: biochemistry, biophysics, social psychology, geophysics, informatics… (Aboelela et al. 2007, p. 330). This article aims to add to the body of literature on the role of IDR to address complex social, cultural, economic and political issues by empirically examining the relationship between IDR and the production of local knowledge. By local knowledge we mean knowledge related to local conditions or issues; in this article those that are pertinent to a whole country, Colombia. Based on the literature discussed below, we interpret that local knowledge inheres social and economic relevance. Our focus on a particular locus is supported, among others, by Barry, Born & Weszkalnys (2008) who have asserted that IDR (more below) and the importance of the "context of application as a site for research…. at which knowledge is produced" (p. 21) need to be accounted for when examining the contributions of research to society.
Scholars have increasingly recognized the need to link disciplinary fields on the axiom that IDR is more able to respond to pressing societal questions or to deal with a particular problem. For instance, health may not be adequately studied through a single disciplinary framework. Instead, poor health results from a constellation of factors: malnutrition, bad eating habits, genetics, age, poverty, ignorance, pollution, environmental conditions, and peer pressure (for instance, in anorexia). As once pointed out by Kofi Annan, the ex-Secretary General of the United Nations, "we shall not finally defeat AIDS, tuberculosis, malaria or any of the other infectious diseases that plague the developing world until we have also won the battle for safe drinking water, sanitation and basic health care …" (as cited in Dodd and Munck, 2002, p.2 ). An equally illustrative example of the useful role of IDR and one that is resonant of the current "social media" world can be found in a recent interview with Professor Bernardo Huberman, Director of the Social Computing Research Group at Hewlett Packard Labs and a Consulting Professor at Stanford University. Here, he explained why research that addresses complex social developments and issues needs to be interdisciplinary: "By design, I have a very interdisciplinary group. We have people in computer science, specialists in human-computer interaction and people with economics backgrounds -I myself worked in theoretical physics. I believe very strongly that this type of approach is necessary to tackle the important problems that arise in the near future". 2 These qualitative insights on the relation between IDR and problem-solving have been substantiated by recent quantitative studies. In general, there are diverse bodies of literature on social or cognitive diversity in groups or in network relations, which have shown a positive relationship between such diversity and problem-solving and/or creativity outcomes (e.g. Page, 2007 , Fleming et al, 2007 . Specifically for research, D'Este et al. found that researchers with disciplinary diversity are more likely to "exploit their technology inventions and produce saleable goods and services" (2012, p. 301) . In a separate study D'Este et al. (2013) also concluded that cognitive diversity is associated with "prosocial" research behaviour, that is, attitudes that explicitly take into account the social relevance as a critical goal of research. In studies specifically about IDR, Rijnsover and Hessels (2011) found that researchers' experience in firms and governments increases the likelihood that they will engage in interdisciplinary collaborations while it decreases the likelihood of mono-disciplinary collaborations. Similarly Carayol and Thi (2005, p. 77) reported that connections with industry is strongly correlated with interdisciplinary research.
One of the most widely used definitions of IDR regards it as a mode of research by teams or individuals that integrates information, data, techniques, tools, perspectives, concepts, and/or theories from two or more disciplines or bodies of specialized knowledge to advance fundamental understanding or to solve problems whose solutions are beyond the scope of a single discipline or field of research practice. (National Academies, 2004: 66) The above definition reflects the large body of literature that has argued for the benefits of IDR. Gibbons et al. (1994) and Nowotny, Scott and Gibbons (2001) observed that science is undergoing a shift from a Mode-1 production of science, which is mainly disciplinary and initiated by the interests of the researcher, to a Mode-2 which is interdisciplinary, that displaces "a culture of autonomy of science" (p.89) and addresses socially relevant issues. As Barry, Born & Weszkalnys (2008) noted, "what is novel is the contemporary sense that greater interdisciplinarity is a necessary response to intensifying demands that research should be integrated with society and the economy" (p. 23).
Concomitantly, IDR has received direct support in recent years through public policies as a means of fostering the social relevance of research, endorsing that such research strengthens, renews and interweaves issues that largely deal with science, technology, society, economics and innovation. This affirmation may be seen in Science Technology and Innovation (ST&I) policies in which IDR has ostensibly come to be regarded as an essential component of these policies. Examples of documents that mirror this can be found in, among others, reports by the OECD, UNESCO (Godin, 2009) , the UK Royal Society, research funding agencies, such as the U.S. National Science Foundation (Adams and Clemons, 2011: 218) , National Institute of Health and UK Research Councils 3 , government agencies and universities (Brint, 2005) .
Despite the apparent wide acknowledgement of the benefits of IDR, scholars have found that IDR is in practice discouraged in a variety of ways. One way is found in the research assessment practices that many countries have implemented. These assessment exercises are based on disciplinary perspectives (see special issue edited by Laudel and Origi, 2006; Martin, 2011 ; also a review in Rafols et al., 2012) . This disciplinary emphasis has tended to encourage academics to publish in disciplinary journals with the potential result of jeopardizing more interdisciplinary "risky research" that may yield greater social and economic impacts Scott, 2007, pp. 546-547, Smith et al. 2011) . In universities, a prevailing 'silo' mentality also tends to discourage IDR, a behaviour that is arguably helped on by the research assessment exercises. Such an attitude may hinder the ability to address future 'grand challenges,' such as smart cities and aging, issues that many governments consider as national priorities and are related to local knowledge. For instance, a recent measure implemented by the Dutch Ministry of Economic Affairs, Agriculture and Innovation reflects these priorities and their IDR nature -agri-food, water, life sciences and health, logistics and cities, climate change, creative industries and energy, for instance. 4 The structure of the paper proceeds as follows. First, we provide an overview of the research on IDR and the significance of local context in promoting IDR. Then we preview the policy context for IDR in Colombia. Here we discuss the policies that explicitly encourage IDR but find that there remain barriers to fostering such research. The fourth section explains our methodology, which focuses on logistic regression and the operationalization of interdisciplinarity as diversity measures. Section Five presents the results. We observe a positive relationship between IDR and the production of socially relevant research. Section Six discusses the results and section Seven explores the policy implications of these findings. We make available to the readers the original data, results of the analysis and computational procedures in three Supplementary Files. 
The relationship between IDR and research on local issues
According to the extant literature on the contribution of IDR to a range of public and "real-life" issues and abiding with the importance of context (in our case, a developing country Colombia) in such research, IDR can be expected to play an important role in the development of local S&T capabilities. Already noted above, its importance is further illuminated below:
Necessity and complexity have also been cited as reasons for IDR in and about developing countries. Shinichi Ichimura cautioned that the conceptual frameworks of traditional disciplines are often too narrow and too compartmentalized for the study of problems in other areas. Norman Dinges made a similar observation about cross-cultural research, suggesting interdisciplinary perspective grows as the "indigenization" of research sensitive to local norms takes place; and Lawrence Murphy, using the example of the Social Research Center of the American University of Cairo (Egypt), has traced the movement from narrow, academically oriented research projects to more appropriate long-term interdisciplinary, multifaceted studies that analyzed problems of immediate concern to the host nation. (Klein, 1990, p. 45) Scholars have also argued that local contexts are enablers of IDR because they require different cognitive approaches to understand and address their specific needs:
Practical contexts also have aspects that combine perspectives from different disciplines and are seldom intelligible without the development of novel inter-, multi-or transdisciplinary modes of knowledge production. (...) Localized science (...) is not just a 'perturbation' of the claims of universally valid paradigms or a denial of the feasibility of generalizing, reducing and deducing anything and everything. Knowledge production in the context of application is itself a fertile seedbed for the emergence of novelty. Localized investigations create genuine new knowledge. They can be full of surprises, especially when they combine knowledge elements from different realms, and mix them with societal expectations. (Nowotny and Ziman, 2002) .
The importance of 'localized' research has been also highlighted by Stiglitz (among others, such as Bones et al. 2011 and Gahi 2004) , who pointed out that "local researchers combining the knowledge of local conditions -including knowledge of local political and social structures --……provide the best prospects for deriving policies that both engender broad-based support and are effective…" (Stiglitz, p. 24 in Stone, 2000) . Specifically for developing countries, the production of locally relevant interdisciplinary knowledge is considered key for achieving what has been called the "indigenization of science", which results from the selection, adaptation, application, localization and combination of theories and methodologies from different sciences (Alatas, 1993: 312) .However, as Jacobs and Frickel (2006) have argued, the assumptions behind policies for IDR have yet to be tested, both theoretically and empirically.
The claim for the positive relationship between IDR and the production of local knowledge, which is largely argued on theoretical grounds and based on anecdotal evidence, presents us with an opportunity to test this assumption. In our empirical examination of the relationship between IDR and the production of local knowledge, we draw on publications data from journal articles, reviews and proceedings papers indexed by the Web of Science (WoS). For this, we use recently developed bibliometric indicators to gauge the degree of interdisciplinarity (Porter and Rafols, 2009 ) and a multivariate test to find whether there is a significant relationship between degrees of IDR in a publication and the production of publications on local issues.
Context: Policies supporting IDR in Colombia
In Colombia Colciencias is the organization that plays the lead role for the promotion and support of ST&I. Although originally created in 1968 mainly as a funding agency for research, it evolved into the central public organization for the formulation of national ST&I policy, as formally acknowledged through the Decree 585 of 1991. IDR directed at socially relevant issues is explicitly promoted in the structure and operation of Colciencias, and these are reflected in its policies. For example, the organization has promoted the creation of research groups, which are sponsored mainly by public and private universities to encourage interdisciplinary collaboration between researchers, students and technicians.
Colciencias also regularly issues open calls for projects, which are for the most part problemoriented 6 and in some cases are offered jointly with companies that require research in their field (oil and energy, for example). Other programmes that expressly mention the support of IDR are the promotion of Centres of Excellence, which are interdisciplinary networks of groups based on national strategic areas (Colciencias, 2004) , and the support of Centres of Technological Development, which are private Industrial Technology Research Institutes, centres for agricultural research and other centres in cross-cutting technologies. The ambition of promoting IDR is also reflected in Government's strategic policy documents. For example, in 2000 the "Departamento Nacional de Planeación" (National Planning Department) required explicitly that the Centres for Technological Development create interdisciplinary and inter-institutional innovation networks in order to propose and implement projects for technological improvement in Colombian firms (República de Colombia -DNP, 2000, p. 18) . Also, in 2002, the National Development Plan of the Government included "the strengthening of National Research Programs and their joint action articulated in complex topics and national priorities that require interdisciplinarity" (República de Colombia, 2002, 120) .
At Colombian universities, which have been trying to develop their research capabilities, one can also find policies supporting IDR. For instance, the Universidad Nacional de Colombia (the largest public university) and the Universidad de los Andes (private) specifically mention support for IDR both in their mission statements and through calls for interdisciplinary projects (Universidad Nacional, 2005) .
Despite the measures by Government and universities to promote research in general, it remains unclear how the implementation of those policies is fostering the development of IDR. Instead, the encouragement for IDR appears to end with simply the formation of the aforementioned interdisciplinary groupings. An example of this can be seen in the assessment of research groups that is carried out regularly by Colciencias. This assessment exercise ranks research groups in terms of bibliographic outputs that are heavily based on a disciplinary perspective derived from publication patterns found in physics, for instance, that is being applied indiscriminately to all research groups regardless of their area of research (Ruiz et. al., 2010; Restrepo and Villegas, 2007) . As a result of an over-emphasis on the production of articles, researchers and universities participating in collaborative interdisciplinary groups, continue to focus on conducting disciplinary research (Chavarro et. al., 2010) .
Colciencias also has acknowledged that it continues to operate through disciplinary lenses, for instance, in its internal structure for funding (discipline-based national programmes) and policy making. In 2004 there was a proposal to modify its internal structure to reflect a more problemoriented outlook (República de Colombia -Colciencias, 2004b) . Although it was not finally approved, for reasons that remain unknown, the proposal illustrates Colciencas' awareness that a genuine modification of the organizational structure may be needed to achieve its stated goals for IDR, as noted above. While some initiatives have been developed, such as in encouraging the formation of collaborative interdisciplinary research groups, in practice, institutional inertia and operational practices remain important barriers to IDR.
These observations lead us to conjecture that the Colombian IDR policies in the main are, to date, declaratory, that is, the policies are just public statements without specifying the actions to be taken to implement their IDR policies. Instead, disciplinary-based research continues to be the encouraged mode. Hence, we may infer from this that the conduct of interdisciplinary research is self-motivated by the researchers' interest in, for instance, problem solving, pursuing and developing new perspectives, rather than responding to declared policies. The following section examines whether in Colombia knowledge relevant for local issues is generated by IDR.
Methods

Data and Sample
The dataset is comprised of articles, reviews and proceedings papers included in Thomson-Reuters' Web of Science Database. These articles are authored by at least one researcher who was affiliated to a Colombian institution at the time of publication. We include records from 1991 (one year after the official foundation of the Colombian System of Science and Technology and the designation of Colciencias as the institution in charge of ST&I policy in the country) to 2010. All original data, analytical results and associated graphs are made available to readers in Supplementary File 1. 7 We only take into account records with more than three bibliographic references successfully categorized into Web of Science Categories (this was necessary to construct a reliable measure of IDR) and that had information on the countries of the participating co-authors. The application of these filters yielded 14,402 records, approximately 75% of the total sample of reviews, articles and proceedings papers published with Colombia.
Variables and Methods
This analysis of the data focuses on the relationship between two main variables: the first one is orientation of research, that is whether it is local or not. Research orientation is "local" when it directly mentions a word starting with "Colomb" in the topic (title, abstract or keywords) and "nonlocal" when it does not (1 means "local" and 0 "non-local" orientation). The second one is the degree of IDR, which we measure with various indicators of diversity (more below) ranging from 0 to 1 (1 indicates totally interdisciplinary and 0 completely disciplinary).
We chose the country name as the criterion to identify locally oriented research because placenames act both as a coordinate system that locates geographically the action being performed and as a characterizing device that sets the action within a specific socio-economic context (for a conceptualization of place-names as indexical and characterizing signs, see Keates, 1996, pp. 81-82) . Place-names "are of such vital significance because they act so as to transform the sheer physical and geographical into something that is historically and socially experienced" (Tilley, 1994, p. 18) . This approach was inspired by a recent publication by Ordóñez-Matamoros, Cozzens and Garcia (2010). When operationalizing the measurement of IDR, we follow Yegros-Yegros et al. (2010 ) (see also Rafols et al. 2012) , who use each of the dimensions of diversity (variety, balance and disparity) separately as well as a synthetic measure of diversity (Rao-Stirling's) which combines all three dimensions (Stirling, 2007) .
The equations for each variable of diversity are found below:
, sum only for those categories in the reference set. where = variety of the article with a greater number of disciplines identified within the dataset, p i = proportion of elements in category i, d ij = distance between categories i and j (Rafols and Meyer, 2010, p. 267) .
Each of the variables captures a different aspect of the general concept of diversity (Stirling, 2007, p. 710 ), but we should emphasize that there are other possible forms of operationalization of the same properties.
Variety corresponds to the number of categories in which elements can be classified. For instance, if a researcher finds five different species of amphibians in an ecosystem, five is the value of variety. Balance describes the evenness of the distribution of elements into categories. A sample is completely balanced if all categories share the same number of elements. Disparity is used to reflect the degree of the distinctiveness that exists between the elements of the distribution. If classifications are a means to separate elements, disparity is a relational property that tells the extent of separation (the distance) between the categories used. For example, soprano voices are closer to mezo-soprano than to contralto voices in terms of tone range. For this, a value for distance between elements (a metric) has to be set.
Rao-Stirling diversity (also known as 'quadratic entropy') captures these three dimensions into a single indicator. It was first proposed as an ad-hoc measure of IDR by Porter et al. (2007) (the 'Integration score'), which was then further conceptualized by Rafols and Meyer (2010) . The key advantage of this measure is that it not only takes into account the distribution of references across disciplinary categories, but crucially also considers how cognitively distant these categories are. Intuitively, this means that a publication with references from atomic physics and cell biology is weighted as more interdisciplinary than one with references from cell biology and biochemistry. 9 Each measure of diversity is calculated for each article by classifying bibliographic references into one or more WoS Categories, using the software Vantage Point. 10 The attribution of references to WoS Categories is very inaccurate -there is up to 50% disagreement between alternative classifications Leydesdorff, 2009, p. 1828) . As a result, the diversity measure of a single article has a large noise and is not reliable, but the robustness of global science maps suggests that the error is not systematic, and with large numbers, one can still obtain good approximations Leydesdorff, 2009, p. 1829) . As our sample consists of 14,402 publications, we are confident that the aggregation will yield reliable results. 9 The similarity matrix between Web of Science Categories is available at Loet eydesdorff´s webpage for making overlay maps: http://www.leydesdorff.net/overlaytoolkit/ 10 www.thevantagepoint.com After classifying the references, a procedure in the statistical language R 11 was run on a list of articles to compute the indicators. These scripts in R are available in Supplementary File package 3.
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In addition, we incorporated two control variables that may have effects on the relationship: these are (i) Collaboration and (ii) Field to which an article is more likely to belong, for instance Biosciences or Social Sciences. The variable Collaboration is a dummy variable with the categories International collaboration, National collaboration and No collaboration. This variable was identified from the field "C1" in the WoS format, which holds the affiliation data of authors.
The categorical variable for Field ("Macro-discipline") aims to control how the cognitive context may influence the local or non-local nature of the outcomes of research given that some disciplinary fields can be more prone to producing local studies than others (for example. environmental studies tend to be more local than chemistry). The construction of this variable is based on the results of . Using factor-analysis, these authors classified WoS Categories into 18 'Macrodisciplines'. Macro-disciplines are aggregations of journals into groups with similar citation patterns. We performed a match between the most cited subject of an article and the list of the 18 macro-disciplines. Table 1 shows a description of all the variables. 
Independent
This is an aggregation of disciplines in terms of cross-citations made by . This variable groups articles in terms of their belonging to one of these categories. Each article belongs to one category. The assignation of an article to a category was done by the most referenced discipline in each article.
Regression analysis
To test the relationship between IDR and local research orientation, we used logistic regression. While other techniques, such as discriminant analysis, require meeting strict conditions of multivariate normality and equal distribution of variance and covariance matrices, logistic regression is robust when such conditions are not strictly met (Hair et. al., 2005: 276) . For these reasons we have selected logistic regression using the statistical packet SPSS.
The dependent variable is research orientation (that is, whether an article is local or not), and the main predictor is the degree of intedisciplinarity, firstly as a synthetic variable (Rao-Stirling diversity) and secondly as represented by its different constituent dimensions (variety, diversity, balance). In order to account and control for the socio-cognitive context in which research takes place, we have explored the influence of Collaboration and Macro-discipline, also noted before.
We performed the logistic regression in two blocks. In the first block we incorporated Rao-Stirling diversity, Collaboration and Macro-disciplines. In the second block, we replaced Rao-Stirling diversity by the set of separate dimensions of IDR --variety, balance and disparity --as diversity.. We also tested for a possible inverted U-shape relationship between IDR variables and the dependent. The reduction in the -2 log likelihood (the variance) of each model is used as a criterion to assess the improvement in each block. We use three Pseudo-R 2 measures to assess the adequacy of the models. The first measure is Hosmer and Lemeshow's R 2 , the second Cox and Snell's R 2 and the third Nagelkerke's R 2 . These measures calculate the variation that is explained by the model based in -2 LL. The first is calculated as -2LL (new model)/-2LL (original model). 0 means "no improvement" and 1 means "total fit of the model". This measure, however, does not take into account the size of the sample. For that, Cox and Snell's R 2 is used. As this measure cannot reach the theoretical maximum of 1, the correction by Nagelkerke is used. These three statistics help to assess the goodness of fit of the model (Field, 2009: 269) .
Results
Tables 2 and 3 present general descriptive values for each variable in this study. Other graphs and tables can be found in the annex (Supplementary File 3  13 ). As can be observed in Table 2 , the dependent variable (local) has about a quarter of the share of the articles, that is, 24% of articles explicitly reference Colombia in their texts as compared to articles that do not mention it. Regarding Collaboration, we observe that articles in the WoS database are more likely to be done in collaboration with authors from abroad. The discipline with more references in this database is Biomedical Sciences and the one with fewer references is Social Studies.
In general terms, the number of publications by researchers affiliated to a Colombian organisation in journals covered by WoS has been increasing since 1991. It grew from 85 in 1991 to 2,203 in 2010, which represents an approximate 24-fold increase. However, the percentage of articles focused on Colombia has only slightly decreased from ~30% to ~25%. Figures 1 and 2 present these trends. research orientation. In considering the distributions of locally focused publications (black columns) and non-local publications (grey columns) separately, we see that the proportion of locally focused publications is higher for interdisciplinary articles (that is, Rao-Stirling diversity above 0.5), while the proportion of non-local articles is higher for lesser interdisciplinary articles (that is, Rao-Stirling diversity below 0.5). It is worth noting that most of the publications present a Rao-Stirling diversity score between 0.4 and 0.6, that is, they are moderately interdisciplinary. The distribution of the variable shows a normal curve, with acceptable ranges of kurtosis and skewness. Extreme cases like publications with very low (0.1) or very high (0.8) Rao-Stirling diversity are unusual. As noted above, the conduct of IDR is apparently motivated by the researchers' own interest in IDR, thereby also possibly helping to explain for the moderately interdisciplinary publications. When exploring variety, balance and disparity in regard to research orientation we find that the share of local papers is slightly greater for higher degrees of disparity and balance, whereas for variety it is the opposite (see annex in Supplementary File 3).
An examination of the titles of the top 10 most interdisciplinary articles according to Rao-Stirling diversity depicts this relationship between IDR and local problems of social and economic relevance. As it can be seen in Table 4 below, six out of the top ten most interdisciplinary articles are classified as local and most of them focus on topics directly related to Colombian issues: malaria, fruits, management of agricultural biotechnology in Colombia, and transport. The local paper that appears to be less related to direct application is the one about history, but since it is on the history of engineering education, it could be considered as being relevant to the country's technological development. Similarly the findings of the paper on soil mapping could help to inform the Colombian agricultural sector. The majority of the 10 articles appear to involve problemoriented research, with perhaps the exception of the last article, which appears to be more theoretical. 
Logistic regression
To reiterate, the logistic regression was performed in two blocks. In the first block, we investigated the influence of Rao-Stirling diversity, with Collaboration and Macro-discipline as controls. In the second block, we replaced Rao-Stirling diversity with the set of separate characteristics: Variety, Balance and Disparity. Table 5 presents the results of the regression: After running the logistic regression we found that IDR variables (Rao-Stirling diversity --Variety, Balance and Disparity) are related to the production of knowledge on local issues. These relationships are statistically significant. The relationships are as follows. First, Rao-Stirling diversity is positively related to the production of knowledge on local issues. The odds ratio shows that for each unit increase in Rao-Stirling diversity that is, allowing for Collaboration and Field (Macro-discipline) it is 1.7 times more likely that an article is related to local issues.
Second, we found different effects for each of the constituent properties of IDR. Disparity and balance exhibit a positive relationship with the local focus of articles. A unit increase in these variables makes it approximately three times more likely that a paper is on local issues. Variety, on the other hand, contributes negatively to this relationship. A unit increase in Variety makes it 0.9 times less likely that a paper is local.
The positive effect of disparity and balance on research indicates the specific type of interdisciplinarity that matters for tackling local issues: research that bridges across large cognitive distances and that engages significant proportions of distant disciplines. We call this "Distal interdisciplinarity". On the other hand, the negative effect of Variety suggests that research that builds on many related sub-disciplines but has little Disparity and Balance (what we refer to as "Proximal Interdisciplinarity", more below) is not related to local problems.
Third, it is important to note that the controls used in this analysis have also significant effects on the predicted variable. National Collaboration and International Collaboration are positively related to the production of knowledge on local issues. National Collaboration increases the probabilities to publish on local issues by about two times, while International Collaboration is by 1.2 times.
The relationship between Macro-discipline and the production of knowledge on local issues is reflected in different ways. As compared to Biosciences (used as the reference category), there are some Macro-disciplines that increase the probability of producing publications on local issues. They are Business and Management, Ecology, Geosciences, Health Services, Infectious Diseases, Psychology, and Social Studies. Their odds ratios show an increase in odds between two (Social Studies) and five (Geosciences).
Finally, we tested for inverted U-shape relationships in each of the IDR-related variables. None of the quadratic variables showed a significant coefficient (p < 0.05), that is, there is no evidence of an "optimum" level of IDR after which the relationship changes its direction.
Discussion
The results of our analysis support the contention that IDR is related to the production of scientific knowledge on local issues. As discussed in the Introduction, this result is consistent with conventional wisdom on the relationship between local knowledge, problem oriented research and IDR, as illustrated in Figure 4 . This relationship could be explained by the fact that research related to local issues often aims to tackle or address specific problems, and tends to be associated with problem-oriented research. Problem-oriented research as well often requires the mobilization and integration of diverse type of knowledge (Zierhofer and Burger, 2007; Rijnsoever and Hessels, 2011, D'Este et al., 2012) , and this cognitive diversity is associated with interdisciplinary approaches (Rafols and Meyer, 2010) . This follows that articles with a local focus tend to be more interdisciplinary as a result of their problem-oriented nature. An inspection of the titles of the most interdisciplinary articles of the sample (see Table 4 above) supports this hypothesis. They are related, for example, to health (malaria), transport networks and agriculture (for example, the fruits lulo and Andean blackberry). Our findings also reveal the kind of interdisciplinarity that is relevant for local issues. We find that articles with a focus on local issues tend to have a more balanced composition of highly disparate bodies of knowledge (more balance and disparity) in their references. An interpretation of these results is that local knowledge is associated with long range, high risk IDR across distant cognitive areas (disparity) and substantively engages with different disciplines (balance). We refer to this as "Distal Interdisciplinarity" . For example, the study looking into the seasonal dynamics of malaria (Table 4 above) is based on insights from public health research, ecological dynamics, and statistical physics modelling. A recent and high profile example of a project possibly with the characteristics of Distal Interdisciplinarity is exemplified by the recently launched (in April 2013 by President Obama) USD100 million BRAIN initiative funded by the U.S. National Institute of Health, the Defense Advanced Research Projects Agency and the National Science Foundation. This mega project is aimed not only at providing significant research insights in neuroscience but is expected to have a major applied impact on health and human well-being far into the future through the development of new technologies. This project expects to bring together neuroscientists, bioscientists, behavioural scientists, physicists, engineers and computer scientists to develop new technologies that will make it easier to study and understand how the brain works, thus enabling researchers to find new ways to treat, cure and prevent brain disorders and brain injuries.
Our findings also show, in contrast to Distal Interdisciplinarity, that a high number of disciplinary categories (high variety) is associated with less engagement with local issues. This suggests that there is another type of IDR, to which we refer as "Proximal Interdisciplinarity". Articles with this kind of interdisciplinarity have a clear disciplinary focus with some, but limited engagement (low balance) with neighbouring disciplines (low Disparity). Proximal Interdisciplinarity is possibly a more common approach for research in many fields largely because it is less risky. Our study suggests that it is a form of IDR that is less likely to be related to local knowledge.
Our findings, however, come with some methodological limitations. First, different results might be found in developed countries in which the local focus is perhaps not as evident as in a developing country such as Colombia. However, we think that our results could be generalized to other developing countries, in the so-called "periphery" of the R&D system. These countries are aspiring to participate in the global scientific community, while at the same time, they are trying to adapt and develop knowledge relevant to their local contexts with the aim of appropriating the socioeconomic returns of S&T. Second, the study uses a measure of interdisciplinarity that relies on the classification of references into WoS categories. Given that the classification of articles into WoS categories is very problematic (Rafols and Leydesdorff, 2009 ) and the number of references in an article is not very high, the measure used is very noisy, that is, it is likely to have variations due to contingent choices in reference selection. However we contend that our sample is sufficiently big to reduce the noise from an inaccurate classification. 
Conclusion and policy implications
This paper has examined the relationship between IDR and the generation of knowledge that has the potential to be socially relevant to the needs of a country. By using the case of Colombia (based on publication data extracted from the WoS), we have found that Colombian research that has integrated a number of diverse disciplines into it has yielded knowledge that has addressed local issues.
However and interestingly, the findings of this article stand in contrast to those by who analyzed the relationship between IDR and scientific performance. Yegros-Yegros et al. find a positive influence of variety and a negative influence of disparity and balance on performance as measured in terms of the number of citations per paper (see Table 6 below).
Since the authors' findings show the exact opposite effects of our findings, as illustrated in Table 6 above, we surmise that related mechanisms may be at play: (1) problem-oriented research tends to be associated with cognitively disparate IDR; and (2) problem-oriented research, (which is related to local knowledge), tends to be less valued in academic terms (less cited) -therefore cognitively disparate IDR gets less citations. Our conjecture echoes what Nightingale and Scott (2007) have hypothesized: "Research that is highly cited or published in top journals may be good for the academic discipline but not for society" (p. 547). Nightingale and Scott's hypothesis could not be directly tested with the publications examined in this article because the diversity of fields and times rendered the normalization of citations uncertain and controversial (Rafols et al., 2012) . Drawing together our findings with those of Yegros-Yegros et al. depicted in Table 6 , we suggest that research evaluation exercises that aim for "high impact" in terms of citation counts have the likely perverse consequence of sacrificing IDR that can produce local knowledge, which in turn could jeopardize the development of local S&T capabilities. Stated differently, by focussing on improving scientific excellence in a developing country context, research evaluations that reward high citation counts run the risk of fostering the de-localization of research. Our findings have shown that local knowledge is related to a specific form of IDR (Distal Interdisciplinarity), which is uncorrelated with citation excellence.
A potential consequence of de-localization is that the socio-economic benefits from investment in public R&D may not be captured by national or regional actors. De-localization is a risk not only for developing countries, but also for any relatively peripheral countries or regions. For example, Todt et al. (2007) found that the public research community in biotechnology in the Region of Valencia (Spain) is highly developed and has frequently participated in global research networks to the exclusion of the local biotechnology industry and in turn did not generate appreciable local knowledge. Hence, the benefits of biotechnology research funded by the Valencian Government were hardly appropriated by the local biotechnology stakeholders/firms but by international collaborators and multinational companies. In short, public support for biotechnology "excellence" in Valencian universities did not benefit the local biotechnology sector.
In conclusion, we suggest that research policies that are aimed, in part, at generating socioeconomic benefits may want to guard against a focus on disciplinary-based research in national research assessment exercises. Additionally, we propose a further line of inquiry to investigate transdisciplinarity that is, research with a variety of social stakeholders. Mohrman et al. (2001) attest that "[i]f research is to be useful, attention must be paid to the relationship between researchers and practitioners, not simply to the content of research" (p. 370). Similarly Grant and Berry (2011) propound that the "necessity of others" becomes the "mother of invention". The underlying hypothesis for an exploration of transdisciplinarity would be that diverse local knowledge and active engagement with local non-academic actors highly favour the local capture of public R&D.
